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TECHNICAL NOTE
Effects of aluminum addition on parathyroid tissue incubation
medium composition
AGNES M. BOURDEAU, RAYMOND BOURDON, CATHERINE KINDERMANS, and CHARLES SACHS
Departement de Physiologie et Inserm U-3d, Hdpital Necker—Enfants Malades et Laboratoire de Biochimie, HOpital Fernand Widal,
Paris, France
In a preliminary in vitro study of the direct toxic effects of
aluminum on PTH release from incubated parathyroid gland
slices [1], we observed that addition of fetal calf serum (FC) to
the incubation medium introduced some variability into the final
results and that this effect was accounted for by variations of
the ionized calcium concentration in the medium. We also
noted that the addition of aluminum produced cloudiness during
medium preparation [21. Questioning the possibility of changes
or instability in the medium composition, we investigated
systematically the effects of aluminum salt and fetal calf serum
addition on the electrolyte composition of the medium.
Methods
The incubation medium was a modified Krebs—Ringer (KR)
bicarbonate buffered solution, with 10% fetal calf serum added
[31. The "basal" incubation medium was a serum free prepara-
tion which could be considered as a control. Aluminum was
added as sulfate salt (potash alum: potassium—aluminum sul-
fate'). The range of aluminum concentrations was primarily
chosen taking into account plasma aluminum concentrations
reported in clinical cases of aluminum intoxication in
hemodialyzed patients [4, 5], between 25 and 500 pg/liter, that
is, approximately 1 to 20 j.rmole/liter. Because Morrissey and
Slatopolsky [6] published similar experiments using concentra-
tions of aluminum in the millimolar range (500 to 2000
jimolelliter), we prepared also solutions with higher concentra-
tions of aluminum. Finally, five solutions were investigated: the
original solution (KR—0: no added aluminum), 18.52 tmole/liter
(KR—i, corresponding to 500 rg/liter expressed as aluminum
weight), 500, 1000 and 2000 rmole/liter (respectively KR—2,
KR—3, and KR-A). In parallel, five similar solutions (FC—0 to
FC—4) were prepared from the "basal" incubation medium with
10% fetal calf serum (Gibco) added.
The following technics were used for measurements: total
calcium by atomic absorption spectrophotometry (IL-253 In-
'Initially aluminum chloride was used, Aluminum—potassium sulfate
proved to be more soluble for the preparation of stock solutions and the
possibility of checking the solution composition by a simple flame
photometric potassium measurement appeared to be very convenient.
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strument Laboratory, Lexington, Massachusetts, USA); ion-
ized calcium (SS-20, Orion Biomedical Research, Cambridge,
Massachusetts, USA), and pH and pCO2 (IL-613) by ion
selective eleetrometry; sodium and potassium by flame photom-
etry (IL-343), phosphate and total CO2 by classic continuous
flow automatic colorimetry (Autoanalyzer, Teehnicon, Tar-
rytown, New York, USA); aluminum by flameless atomic
absorption [7]. Absorbance was determined by spectropho-
tometry at 600 nm (Pye Unicam, 5P8-400, Philips Roxane
Laboratories, Columbus, Ohio, USA).
The measurements were performed directly on the prepared
solutions. In five solutions, namely KR—2, KR—3, KR—4, FC—3,
and FC—4, a precipitation appeared after addition of aluminum.
These solutions were centrifuged (10 mm at 3000 g) and analysis
performed on the clear supernatant. Both the original solutions
(for solutions KR—0, KR—l, PC—U, FC—l, and FC—2) and the
supernatants (for solutions KR—2, KR—3, KR-A, FC—3, and
FC—4) were ultrafiltered in a syringe driven apparatus
(Ultrafiltrator, Metabo, Geneva, Switzerland) by pressure [81
through two types of membranes (cellophane and Amicon
Diaflo—XM 50, Amieon, Lexington, Massachusetts, USA).
Results represent the mean values of six measurements.
Results
The distilled water used for solution preparation contained a
"natural" background of aluminum: 15 jig/liter (0.65 jimole/liter).
Tables 1 and 2 report the results obtained on the "serum—free"
(KR solutions) and the serum added (FC solutions) medium
respectively, expressed in concentrations and as percentages of
the original "aluminum non-added" medium, (except for "mea-
sured" aluminum expressed as percentage of the theoretical
concentration). Table 3 compares the composition of "serum—
free" and the serum added "aluminum non-added" media.
We were not able to obtain valid ultrafilterable aluminum
values. In aluminum non-added media (KR—0 and FR—0) 20 to
50% of the aluminum "background" was found in the ultrafil-
trate. In the micromolar range of added aluminum, less than
10% was present in the ultrafiltrates. In the millimolar range,
less than 2% of the measured aluminum in the original solution
was found in the corresponding ultrafiltrate. It seems likely that
at the pH of the solutions (around pH 7,4) most of the aluminum
existed in a negatively charged form (Al(OH)) which did not
pass easily through the negatively charged membranes. This
raises the question of the fraction of aluminum which is
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Table 1. "Serum free" Krebs—Ringer medium (KR solutions)
KR—0 KR-i KR-2 KR-3 KR-4
Added aluminum
Measured aluminum, isM/liter
0
0.65
500 nglmliter
18.52 LM/liter
16.8—91%
0.5
mM/liter
32—6%
1
mM/liter
41—4%
2
mM/liter
88—4%
Total calcium, mM/liter 1.17 1.17—100% 0.90—76% 0.82—70% 0.67—57%
Ionized calcium, mM/liter 0.90 0.90—99% 0.68—76% 0.63—70% 0.52—58%
Ionized
calcium 77% 77% 75% 77% 77%
Total
Ultrafiltrable total calcium, mM/liter 1.12 1.12—100% 0.95—85% 0.85—76% 0.75—67%
Ultrafiltrable ionized calcium, mM/liter 0.84 0.87—103% 0.70—83% 0.62—74% 0.53—63%
Ionized UF-calcium 75% 77% 74% 73% 70%
Total
Phosphate, mM/liter 1.23 1.23—100% 0.78—63% 0.55—45% 0.50—41%
Bicarbonate, mM/liter 21 20.5—98% 22—104% 21.5—102% 22—104%
pCO2, mm Hg 24 24 24 25 24
pH 7.42 7.38 7.46 7.39 7.47
Sodium, mM/liter 140 140—100% 143—102% 143—102% 144—103%
Potassium, mM/liter 5 4.8—96% 5.3—106% 5.8—116% 6.7—134%
Absorbance 0.002 0.004 0.095 0.160 0.215
For aluminum added solutions (KR—i, KR—2, KR—3 and KR—4) concentrations have also been expressed as percentages of the original aluminum
non-added medium (KR—U), except for measured aluminum expressed as percentage of the theoretical concentration.
Table 2. Fetal calf serum added Krebs—Ringer medium (FC-solutions)
FC-0 FC-l FC-2 FC-3 FC-4
Added aluminum
Measured aluminum, /SM/liter
Total calcium, mM/liter
Ionized calcium, mM/liter
0
0.75
1.25
0.82
500 ng/mliter
18.52 /.M/1iter
18.5—100%
1.25—100%
0.82—100%
0.5
mM/liter
488—98%
1.25—100%
0.66—80%
1
mM/liter
99—10%
0.85—68%
0.52—63%
2
mr&/liter
94—5%
0.77—62%
0.45—55%
Ionized% calcium
Total
66% 66% 53% 61% 58%
Ultrafiltrable total calcium, mM/liter
Ultrafiltrable ionized calcium, mM/liter
1
0.74
0.95—95%
0.72—97%
0.90—90%
0.66—89%
0,65—65%
0.47—64%
0.60—60%
0.45—61%
Iomzed UF-calcium
Total
74% 76% 73% 72% 75%
Phosphate, mM/liter
Bicarbonate, mM/liter
pCO2, mm Hg
pH
Sodium, mM/liter
Potassium, mM/liter
Absorbance
1.38
22
19
7.47
143
5.6
0.013
1.39—100%
21.5—98%
19
7.57
142—99%
5.5—98%
0.015
1.40—101%
22—100%
19
7,60
144—l0l%
6.2—111%
0.019
0.70—51%
23—104%
16
7.62
146—102%
6.6—118%
0.110
0.40—29%
21—95%
18
7.48
145—101%
7.4—l32%
0.195
For aluminum added solutions (FC—i, FC—2, FC—3 and FC—4) concentrations have also been expressed as percentages of the original aluminum
non added medium (FC—0), except for measured aluminum expressed as percentage of the theoretical concentration.
Table 3. Composition of aluminum "non-added" media
KR-U FC-0 %
Measured aluminum, SM/liter 0.65 0.75 + 15%
Total calcium, mM/liter 1.17 1.25 +7%
Ionized calcium, mM/liter 0.90 0.82 —9%
Ultrafiltrabie total calcium, mM/liter 1.12 1. — 12%
Ultrafiltrabie ionized calcium, mM/liter 0.84 0.74 — 13%
Phosphate, mM/liter 1.23 1.38 + 12%
Bicarbonate, mM/liter 21 22 +5%
Sodium, mM/liter 140 143 +2%
Potassium, mM/liter 5 5.6 + 12%
biologically available in such a solution, since there is practi-
cally little aluminum in an ionized diffusible form. On the other
hand, the state of aluminum and its stability in these solutions is
fundamentally different from that of aluminum in plasma,
especially in hemodialyzed patients in whom up to 80 to 90% of
aluminum is protein bound [9, 101.
In the incubation media without addition of serum (KR
solutions) there was no difference between the composition of
the original basal incubation medium (Table 1, column 1) and
that of the medium to which was added 500 tg/liter, that is,
18.52 mole/liter (Table 1, column 2) as evidenced by the
expression in percentage. More precisely, total ultrafilterable
and ionized calcium concentrations which are essential in
parathyroid gland cell incubations were not affected by the
addition of aluminum.
Addition of high concentrations of aluminum in the millimolar
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range produced cloudiness which increased with the level of
added aluminum (Table 1, last line). Values reported (Table 1,
columns 3, 4, and 5) are those obtained on the clear supernatant
after centrifugation. Addition of aluminum produced drastic
changes in medium electrolyte composition. While the percent-
age of ionized calcium remained practically unchanged in the
original solutions (75 to 77%: Table 1, line 4) as well as in the
ultrafiltrates (70 to 77%: Table 1, line 7), there was a concom-
itant decrease of phosphate, calcium and aluminum concentra-
tion. Phosphate concentration dropped to 42% (Table 1, line 8)
while aluminum and calcium reached respectively 4% and 57%
(Table 1, lines 1 and 2) for the maximum of added aluminum (2
mmolelliter). There were no significant changes in bicarbonate,
pCO2, pH and sodium values. The increase in potassium
concentration (Table 1, last line) was due to the presence of
potassium in the added aluminum salt.
The incubation media with fetal calf serum added (PC
solutions) contained 3.5 to 4 g/liter of protein. Comparison of
the composition of the basal incubation media with (PC—U) and
without (KR—U) addition of serum (Table 3) showed a system-
atic difference of electrolyte concentrations with changes from
+2% to + 15% in the serum added medium (PC—U). This is
probably due to the amount of electrolytes brought to the
medium by the serum added. One can notice that the presence
of protein decreased significantly ionized as well as ultrafilter-
able calcium concentrations. As in the case of medium without
serum added, addition of aluminum at a concentration of 500
jtg/liter did not change the general composition of the medium
(Table 2, columns I and 2).
Addition of higher concentrations of aluminum in the mil-
limolar range produced cloudiness (Table 2, last line), but it
became clearly discernible for the 1 mmole/l level (FC—3),
whereas in the medium without added serum it appeared at U.S
mM/liter (KR—2). This was probably due to a stabilizing effect of
the proteins which might bind part of the aluminum added.
Addition of aluminum induced changes in medium composition
(Table 2, columns 4 and 5) similar to those observed in media
without serum added, especially with a decrease of phosphate,
calcium, and aluminum concentrations.
Thus, the addition of fetal calf serum has two adverse effects
on the solution composition. On one hand, reducing the amount
of serum added decreases the degree of modification of the
basal electrolyte composition for phosphate, bicarbonate, so-
dium, potassium, calcium—total as well as ionized. On the
other hand, increasing the amount of added serum stabilizes the
aluminum in the solution by protein—binding.
Conclusions
Addition of fetal calf serum to the Krebs—Ringer medium
introduces electrolytes which might change the general compo-
sition of the incubation medium from one experiment to an-
other. That is why it is preferable to avoid addition of serum in
this type of experiment.
Addition of aluminum salt does not change the general
composition of the "serum—free" medium up to concentrations
of 18.52 /Lmole/liter. Since the plasma aluminum concentration
range reported in clinical cases of aluminum intoxication in
hemodialyzed patients is below this value [4, 5] we recommend
to experiment the toxic effect of aluminum between 1
tmole/liter and 18.52 ,ctmolefliter (that is, 500 j.tg/liter). Inhibi-
tion of parathyroid hormone release by porcine parathyroid
tissue incubated in vitro was obtained with such low aluminum
concentrations added to the incubation medium [1, 11].
From a completely different point of view, this study shows that
addition of higher concentrations of aluminum in the milhimolar
range [6], even in the presence of call serum which stabilizes
somewhat the solution, produces a precipitation (co?—precipita-
tion) of calcium, aluminum and phosphate. This induces changes
of the electrolyte medium composition, especially of ionized
calcium, which might interfere per se in experiments on parathy-
roid cell incubation. Thus, checking the actual concentrations of
media constituents appears to be a necessity.
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